In this study, a fast, simple and highly sensitive method that employs liquid phase microextraction (LPME)-GC/MS was developed to analyze trace benzophenones (BPs) in river-water samples. The tip of a 10-ml microsyringe filled with toluene (3 ml) was inserted into 2 ml of a river-water sample, and fixed at 5 mm below the water surface of the sample. A toluene droplet was made on the tip of the syringe, and extraction was conducted while agitating at 500 rpm for 15 min. After extraction, 2.0 ml of the extract was put into the syringe again, and directly introduced to GC/MS. The limits of detection (S/N = 3) and quantification (S/N >10) of BPs were 10 and 50 pg ml -1 , respectively. The results of a recovery test ranged over 93.3 -101.1% (RSD, less than 10%; n = 6). The results of BPs determinations in the river-water samples showed that BPs (ND -68.9 pg ml -1 ) were detected.
Introduction
Benzophenone (diphenylmethanone; BP) and related compounds are widely used as ultraviolet absorbers and fragrance-retention agents in the manufacture of cosmetics and pharmaceuticals. Benzophenones (BPs) demonstrate maximum absorption at wavelengths of 288 to 290 nm and 325 nm, and have the property of absorbing wavelengths of 200 to 400 nm. 1 Consequently, BPs are able to absorb ultraviolet light that is harmful to the human body in the form of UVA (320 to 400 nm) and UVB (290 to 320 nm), and have been reported to be effective in preventing skin disorders and skin cancer. 2 On the other hand, BPs are also suspected to cause pruritus and contact allergies, 3 and to disrupt the endocrine system by exerting estrogenic and anti-androgenic action. [4] [5] [6] Due to the widespread use of BPs, there is a concern over wide-ranging contamination of the environment, including rivers. Highly sensitive analytical techniques are required to determine the status of environmental contamination, since BPs are widely dispersed. In this study, analyses were simultaneously conducted on three types of BPs, including benzophenone (BP), 2-hydroxy-4-methoxybenzophenone (BP-3) and 2-hydroxy-4-methoxy-4¢-methylbenzophenone (BP-10).
Measurements of BPs have conventionally been performed using high-performance liquid chromatography (HPLC), gas chromatography (GC), and capillary electrophoresis (CE). [7] [8] [9] However, these techniques require that the pretreatment procedures, such as liquid-liquid extraction (LLE) 10, 11 and solid phase extraction (SPE), 12, 13 be performed prior to use, and have such shortcomings as requiring considerable time and labor. The liquid phase microextraction (LPME) method consists of extracting and concentrating a target compound with an extremely small amount of extraction solvent using a commercially available microsyringe. [14] [15] [16] Highly sensitive trace analysis is subsequently performed by injecting the extract directly into a gas chromatography/mass spectrometry (GC/MS) system using the same microsyringe as used to collect the extract. The greatest feature of this method is that analyses can be performed simply by extracting a target compound into an organic phase prepared at the microsyringe tip, and injecting the extract into an analysis instrument. In addition to the fact that the procedure is simple and has fewer steps than the conventional methods, the use of an extremely small amount of organic solvent is expected to considerably reduce the burden on the environment and the body.
The LPME method has been applied as a simple and highly sensitive pretreatment method in environmental studies, [17] [18] [19] biological samples, 20, 21 and foods. 22, 23 Thus, the LPME method is considered to be useful for analyzing trace compounds in the environment. In this study, a method for analyzing BPs in riverwater was developed using LPME-GC/MS for the purpose of developing a fast, simple and highly sensitive method for analyzing trace compounds.
Experimental

Materials and reagents
BP, acetonitrile and methanol from Wako Pure Chemical Industries, Ltd.; BP-3 and BP-10 from Aldrich Co.; and deuterium-labeled benzophenone-d10 (BP-d10) as a surrogate compound from Kanto Chemical Co., Inc. were used. Purified water was prepared using an ultrapure water system with an EDS polisher from Millipore Co. (Milli-Q gradient A 10). In addition, the structural formulas of the analytes are shown in Fig. 1 .
Preparation of standard solutions
For the standard compounds (BP, BP-3 and BP-10), 10 mg of each was correctly weighed into a measuring flask using a chemical balance which was adjusted to 1000 mg ml -1 with methanol to prepare standard stock solutions. Furthermore, each of the standard stock solutions was mixed and diluted to 10 mg ml -1 to prepare the standard mixture.
LPME tools
A microsyringe (10 ml) for LPME method from SGE Japan Inc. was used. As for the needlepoint of the microsyringe, a bevel tip was adopted (length of the needle, 50 mm; i.d., 0.47 mm). A vial container from IWAKI & Co., Ltd. was used in the LPME method.
Instrumentation and GC/MS conditions
A GC-MS analysis was performed on a 6890N GC and a 5973N MS from Agilent Technologies (Palo Alto, CA, USA). Injection was performed in the pulsed splitless mode. The injection pulse pressure was set to 25 psi for 1 min. The temperature of the inlet was 250˚C. The separations were conducted on a DB-5MS fused-silica column (30 m ¥ 0.25 mm i.d., 0.25 mm film thickness, Agilent Technologies). The oven temperature was programmed to increase from 100˚C (held for 1 min) to 280˚C (held for 4 min) at 10˚C min -1 . Helium was used as the carrier gas at a flow rate of 1.2 ml min -1 . The mass spectrometer was operated in the selected ion monitoring (SIM) mode with electron ionization (EI). The ionization voltage was set to 70 eV. For SIM, seven ions were monitored (m/z 182 and 105 for BP, m/z 227 and 228 for BP-3, m/z 241 and 227 for BP-10 and m/z 192 for BP-d10; the underlined number is the m/z of the ion used for quantification).
Pretreatment of a sample by the LPME method
The microsyringe was washed with acetone immediately before use; 2 ml of river-water was put into a vial container, to which a surrogate compound (BP-d10) and a stirring bar (length, 10 mm; diameter, 4 mm) were added. Subsequently, 3.0 ml of toluene was withdrawn into the syringe. The syringe needle tip was held 5 mm below the surface of a sample solution. Then, 3.0 ml toluene droplets were made on the tip of the syringe, and extraction was conducted while agitating at 500 rpm for 15 min.
After extraction, 2.0 ml of the extract was put into the syringe again and directly introduced to GC/MS for a measurement.
Water samples
The river-water was sampled from Tama River in Kawasaki City, Kanagawa Prefecture on a bright day (June, 2006). The sample was collected in a brown glass bottle and refrigerated (4˚C, shaded) prior to analysis.
Results and Discussion
Optimization of GC/MS conditions
Standard preparations of BP, BP-3 and BP-10 were measured in a SCAN mode, and their m/z ratios of 182, 227 and 241 were respectively defined as quantitative ions, and 105, 228 and 227 as qualitative ions. As for the surrogate compound, BP-d10, its m/z ratio of 192 was defined as a measuring ion. The mass spectra of three BPs are shown in Fig. 2 . In addition, the initial temperature of the oven was set at 100ºC during injection; thereby, all of the peak width could be sharpened. The resulting mass chromatograms are shown in Fig. 3 .
Optimization of the LPME method
A comparison between toluene and hexane as solvents used for the LPME method was made in consideration of the solubility of the measuring objects. The samples with the three BPs were measured by LPME-GC/MS, and a comparison among each of their peak areas was made (Fig. 4) . As a result, among the three BPs, toluene showed the most favorable recovery, and was therefore used as the extracting solvent for subsequent experiments.
The optimal conditions of the extraction time were evaluated using samples (2 ml) to which each standard mixture of up to 5 ng ml -1 of BP, BP-3 and BP-10 was added. The extracted volumes of the analysis were observed for 1 -30 min. As a result, the distribution between the sample and the droplet was equilibrated in about 15 min (Fig. 5) , and the optimal extraction time of 2 ml for a sample was therefore defined as 15 min for subsequent experiments. 
Figures of merits of the LPME method
The limit of detection (S/N = 3) of BP, BP-3 and BP-10 was 10 pg ml -1 . The limit of quantification (S/N >10) of BP, BP-3 and BP-10 was 50 pg ml -1 . The peak-area ratios with respect to the surrogate compound were plotted, and the response was found to be linear over the calibration range with correlation coefficients (r) higher than 0.99 in the concentration ranges of 50 -5000 pg ml -1 . The validation results are summarized in Table 1 .
The three BPs were added to the river-water samples in concentrations of 0.1 ng ml -1 and 1 ng ml -1 , and tests of addition and recovery were conducted according to this method. The three BPs showed good recovery, ranging from 93.3 to 101.1%. In terms of the repeatability of the recovery (n = 6), all of the relative standard deviations (RSD) ranged from 3.3 to 8.7%.
The average recovery values are given in Table 2 . These results demonstrated that the analysis in which the LPME method was employed as a pretreatment, and that the extract then introduced to GC/MS allowed highly sensitive and high-precision quantification of BPs in river-water samples.
Application to the river-water samples
As an application of this method, BPs in the water of Tama River were analyzed. The concentrations of BP, BP-3 and BP-10 were trace, 85.0 and 68.9 pg ml -1 , respectively. SIM chromatograms of the river-water samples are shown in Fig. 6 . We previously reported the measurement of BPs in river-water samples by stir bar sorptive extraction (SBSE), followed by thermal desorption (TD)-GC-MS. 24 Then, a comparison of the LPME and SBSE methods was performed. Although the sensitivity was excellent for the SBSE method, the cost performance was excellent for the LPME method. The SBSE method required a polydimethylsiloxane (PDMS) coating stir bar and a TD-GC-MS system, and the TD system had a high running cost because liquid nitrogen was used. In contrast, the LPME method required a 10-ml microsyringe and conventional Correlation coef cient, r a. LOD: limit of detection (S/N = 3). b. LOQ: limit of quanti cation (S/N >10). GC-MS. Moreover, the LPME method has sufficient sensitivity to detect BPs in river-water samples.
Conclusion
The levels of BP, BP-3 and BP-10 in river-water samples were measured by means of LPME-GC/MS. In 2 ml of river-water, 3.0 ml of toluene droplet was made on the tip of a 10-ml microsyringe, and extraction was conducted while agitating at 500 rpm constantly for 15 min; 2.0 ml of the extract was introduced to GC/MS and measured. In this method, the limits of detection of BPs ranged from 10 pg ml -1 , and the limits of quantification ranged from 50 pg ml -1 with high sensitivity. Additionally, the results of the recovery ranged from 93.3 to 101.1% and RSD of less than 10%. As a result of BPs determinations in the river-water samples, BPs (ND -68.9 pg ml -1 ) were detected. This suggestes that this analysis is simple, highly sensitive, precise and useful for measuring BPs in riverwater. 
